ence on Antimicrobial Agents and Chemotherapy,
lected by the National Nosocomial Infection Study revealed that in 1984 nosocomial infections developed in 3.4 percent of patients discharged from United States hospitals (1) . This is similar to the infection rate reported for the three-year period 1980-1982. By comparison, the Study on the Efficacy of Nosocomial Infection Control (SENIC) found that a nosocomial infection develops in 5-6 percent of hospitalized patients (2) . SENIC was a retrospective study involving a representative sample of US hospitals in [1975] [1976] . The National Nosocomial Infection Study data suggest that the true incidence of nosocomial infections is underestimated. Extrapolating the current data on selected hospitals, it can be estimated that over two million nosocomial infections occur per year. Nosocomial infections have also been estimated to rank among the 10 leading causes of death in the United States. Nosocomial infections in the United States have been estimated to add 8.7 million extra hospital days at a cost, in 1985 dollars, of approximately four billion dollars (3) .
Patients who develop more than one nosocomial infection during their hospitalization have not been well investigated. Overall, nationally adjusted incidence data derived from National Nosocomial Infection Study data of 1971 to 1974 reported that multiple nosocomial infections constituted 5.5 percent of all nosocomial infections in community hospitals with less than 300 beds and about 11 percent in university hospitals. About 7.6 percent of all nosocomial infections in these surveys were multiple infections (4) . Multiple nosocomial infections, mentioned only briefly in prevalence surveys (5-9) and incidence studies (10) (11) (12) (13) , have been tabulated by Rhame and Sudderth (14) .
Risk factors for nosocomial infections (15) and methodological issues for hospital epidemiology have been described (16) (17) (18) , but these techniques have not been specifically utilized to define risk factors for developing multiple nosocomial infections.
A study of multiple nosocomial infections was conducted at North Carolina Memorial Hospital utilizing data on nosocomial infections prospectively collected from a fiveyear admission cohort, 1980-1984, involving 102,206 patients. The aim of this study was to identify the importance of multiple nosocomial infections and to identify their epidemiologic and demographic features.
MATERIALS AND METHODS

Population studied
North Carolina Memorial Hospital is a 580-bed acute-care hospital with primary to tertiary care facilities. The hospital serves the city of Chapel Hill and surrounding counties of North Carolina. The hospital is the major teaching hospital for the University of North Carolina School of Medicine.
A five-year cohort of 102,206 patients admitted to the North Carolina Memorial Hospital from January 1, 1980 through December 31,1984 was prospectively followed for the development of nosocomial infections. For each admission, the dates of admission and discharge (or death) and the patient's birth date, sex, and race were recorded.
Surveillance
Nosocomial infection surveillance at North Carolina Memorial Hospital was performed by three full-time infection control practitioners using definitions of nosocomial infections established by the Centers for Disease Control (19) with the following exceptions: patients with asymptomatic bacteriuria were not recorded as having a urinary tract infection, and an abnormal chest x-ray was required for documenting nosocomial pneumonia. Patients who were documented to be colonized with potential pathogens were not classified as having an infection. Cases were detected by daily evaluation of all positive cultures reported by the Microbiology Laboratory and all positive serologies reported by the Vi-rology/Serology Laboratory. All hospital floors are visited daily to ascertain nosocomial infections for whom a culture is not obtained. In addition, all autopsy reports are reviewed. Stringent attempts are made to insure that all nosocomial infections are detected and recorded.
Demographic, clinical, and bacteriologic information was prospectively entered into a computerized Epidemiology Information Retrieval System for each nosocomial infection identified. The data were verified and summarized monthly by a physician trained in infectious diseases.
Definitions pertaining to infections
Nosocomial infections were defined as hospital-acquired infections that were not present or incubating at the time of admission to the hospital. In general, infections were not considered nosocomial unless their onset occurred more than 48 hours after the time of admission.
Multiple nosocomial infections were defined by considering each infected anatomical focus, including bacteremia, as a separate infection. The organisms recovered from different infected foci in a patient could either be the same or different (8) .
The average number of nosocomial infections per infected patient was calculated by dividing the total number of nosocomial infections by the total number of patients with these infections.
The average number of nosocomial infections per patient with multiple nosocomial infections was calculated by dividing the total number of such infections in patients with multiple infections (>2 nosocomial infections per patient) by the number of patients with multiple infections.
Statistical methods
Chi-square statistics for contingency tables were calculated using standard methods. Chi-square statistics for incidence density were calculated by the method of Madison and Afifi (20) ; p values less than 0.05 were considered significant.
RESULTS
Among the 102,206 admissions to the study cohort, a computerized data base of 4,031 nosocomial infections was identified in 2,662 patients with these infections. One nosocomial infection occurred in 1,887 patients (1.85 percent of the admission cohort), and multiple nosocomial infections (i.e., >2 infections) occurred in 775 patients (0.76 percent of the admission cohort). Overall, infections occurred in 2.6 percent of admitted patients; the cumulative infection ratio was 3.9 infections per 100 admissions. The cohort had 887,555 days of hospitalization; the cumulative incidence density was 4.5 infections per 1,000 patient days.
Seventy-one percent of all patients with nosocomial infections (1,887 patients) had a single, isolated infection. Among the 775 patients with multiple nosocomial infections, 471 had two nosocomial infections, 158 had three nosocomial infections, and 146 had four or more nosocomial infections. Overall, there were 2,144 nosocomial infections in these 775 patients (table 1).
The conditional frequencies for patientsat-risk who developed nosocomial infections increased dramatically after the occurrence of the first infection and progressively increased through the occurrence of four or more nosocomial infections (table  1) . Overall, the risk of developing multiple nosocomial infections in this admission cohort was 11-fold greater than the risk of developing the first nosocomial infection.
The average number of nosocomial infections per infected patient was 1.5 (4,031 nosocomial infections in 2,662 patients). The average number of nosocomial infections per patient with multiple nosocomial infections was 2.8 (2,144 nosocomial infections in 775 patients with multiple nosocomial infections).
Demographics
Among patients who developed nosocomial infections, there were significant differences in both race (whites vs. all other racial groups) and sex in patients with single compared with multiple nosocomial infections (table 2) . Patients who did not develop nosocomial infections during their hospital admission had the racial distribution of patients who developed multiple nosocomial infections; whereas, the male: female ratio of uninfected patients was similar to those patients who developed a single nosocomial infection.
The infection ratio and incidence density for the 4,031 total nosocomial infections increased significantly by decade of life (infection ratio x 2 . 364.1, p < 0.0001; incidence density x 2 . 217.9, p < 0.0001) (table 3). Patients over age 60 years (7th decade) also had significantly different infection ratios (x 2 , 287.3, p < 0.0001) and incidence density (x 2 , 154.5, p < 0.0001) when compared with those of patients aged 59 years and younger. Duration of hospitalization was significantly prolonged by the development of nosocomial infection, i.e., never-infected patients had four days median hospital stay compared with ever-infected patients (i.e., >1 nosocomial infection) having 29 days median hospital stay. Duration of hospital stay was also significantly prolonged in singly-infected compared with multiplyinfected patients (23 days median vs. 46 days median, respectively) (table 2). Mean (and median) days of hospital stay also regularly increased as the number of infections per patient increased (figure 1).
Fifty percent of the 4,031 nosocomial infections occurred on the general surgery and subspecialty surgery services. The internal medicine service accounted for 31 percent of nosocomial infections. There were significant differences in the hospital service at the time of infection in the singlyinfected compared with multiply-infected patients. Single infections occurred significantly more often on the obstetric service or gynecologic service, and multiple infections occurred significantly more often on the surgical service (table 4) .
Sites of infection
The 4,031 total nosocomial infections were somewhat evenly distributed among the major sites, with 20 percent bacteremias, 24 percent urinary tract infections, 14 percent surgical wound infections, and 19 percent respiratory infections.
There were, however, significant differences in sites of infection among patients with single compared with multiple infections. Urinary tract infections occurred significantly more often in the singly-infected group of patients. Bacteremias were significantly more likely in the multiply-infected group. No differences were seen in the frequencies of surgical wound infections or respiratory infections between singlyinfected and multiplyrinfected patients (table 5). Significant differences were noted in the aureus, yeast, and Serratia spp. and other frequency of isolation of certain pathogens Enterobacteriaceae were more commonly in the singly-infected compared with multiply-infected patients. In the singlyinfected patients, E. coli, Klebsiella spp., and streptococci were more commonly isolated; in the multiply-infected patients, S.
isolated (table 7).
Other risk factors
Another major risk factor for the development of multiple nosocomial infections was exposure to hospital care in an intensive care unit. There were significant differences in the frequency of intensive care unit patients with multiple nosocomial infections compared with non-intensive care unit patients (table 8) . Intensive care unit care was given to 29 percent of patients with >1 nosocomial infections. In those patients with multiple nosocomial infections, 45 percent had hospital care in an intensive care unit. There were also significant differences in the frequency of multiple infections in adult intensive care unit patients compared with pediatric and newborn intensive care unit patients ( percent of all nosocomial infections were multiple nosocomial infections. DISCUSSION Ongoing surveillance of nosocomial infections has been called one of the three central components of modern infection control. Surveillance and the feedback of infection rates could contribute to reductions in rates of nosocomial urinary tract infections, surgical wound infections, pneumonias, and bacteremias (21) .
The occurrence of nosocomial infections in many surveillance reports is most often computed by dividing the number of infections acquired during a given month by the number of patients discharged during that month. This parameter is called the infection rate (14) , although it is a ratio (22) . A major disadvantage of this summary parameter is that it does not distinguish between two infections in one patient (i.e., multiple nosocomial infections) and two infections in two different patients (16) . Failure to report the number of patients who developed nosocomial infections during the surveillance period further implies neglect of surveillance for multiple nosocomial infections.
The importance of multiple nosocomial infections in acute-care hospitals has only been recently emphasized. At the University of Virginia (13), multiple nosocomial infections comprised 47 percent of all nosocomial infections; however, these multiple nosocomial infections occurred in only 26 percent of those patients who acquired infections during their hospital stay.
In our series, multiple nosocomial infections were 53 percent of all nosocomial infections, and they occurred in 29 percent of those patients with nosocomial infections. The striking similarity of these data to those at the University of Virginia, which is a hospital of similar size and referral patterns, supports the generalizations of these data at least at university hospitals in the southeastern United States.
Prospective surveillance for nosocomial infections in combination with computerization of infection control (23) has simplified the problem of identifying multiple nosocomial infections and could encourage more infection control practitioners to actively search for patients with multiple nosocomial infections.
The average number of nosocomial infections per infected patient has been previously determined as 1.25 infections per infected patient from a prevalence survey (24) . The average number of nosocomial infections per infected patient for our study was 1.5; and at the University of Virginia, the average number of nosocomial infections per infected patient was 1.4 (13) . The higher average number of nosocomial infections per infected patient in these incidence surveys may simply reflect the increased detection of nosocomial infections using sensitive methods of case findings in prospective surveillance.
The average number of nosocomial infections per patient with multiple nosocomial infections was calculated because the average number of nosocomial infections per nosocomially infected patient provided an overall summary measure which combined the infections in patients with both single and multiple nosocomial infection. The average number of nosocomial infections per patient with multiple nosocomial infections in our study, 2.8, was similar to the value of 2.5 at the University of Virginia (13) . Multiplicity of infections for these studies, thus, was heavily weighted by the contribution of patients who had only a single nosocomial infection. Calculating both the average number of nosocomial infections per nosocomially infected patient and the average number of nosocomial infections per patient with multiple nosocomial infections could better reflect the contribution of those patients with multiple nosocomial infections and could be useful parameters to monitor efforts to control nosocomial infections. These measures could be easily calculated if the reports from nosocomial infections surveillance included the total number of nosocomial infections, the total number of patients with nosocomial infections, and the total number of patients with multiple nosocomial infections. Rhame and Sudderth (14) have stated that a fourth nosocomial infection is rare enough to be negligible; however, in this series, >4 nosocomial infections occurred in 5 percent of all patients with nosocomial infections and in 19 percent of those patients with multiple nosocomial infections.
Multiple nosocomial infections have been mentioned, only briefly, in studies of nosocomial infections in trauma patients (25) , surgical patients (26), young infants (27) , and intensive care unit patients (28) . Risk factors for multiple nosocomial infection in our study included white race, male sex, care by the surgical service, and exposure to hospital care in an intensive care unit. Other studies of multiple nosocomial infections have not specifically investigated risk factors for their occurrence.
Data from the SENIC study have shown that surgical wound infections and pneumonias accounted for 55 percent and 25 percent, respectively, of all the extra days spent by patients because of nosocomial infections. Surgical wound infections and pneumonias accounted for 42 percent and 39 percent, respectively, of the extra hospital charges resulting from nosocomial infections (29) . Our study showed that 55 percent of surgical wound infections and 55 percent of respiratory infections occurred in patients with multiple nosocomial infections, and these data could be used to estimate the magnitude of extra hospital days and additional hospital charges attributable to multiple nosocomial infections in the SENIC study.
Other studies have shown that patients admitted to intensive care units have a higher risk of nosocomial infections than other hospitalized patients (30) (31) (32) (33) . Because a significant proportion of intensive care unit infections were device-related and thus preventable, Wenzel et al. (31) recommended that the highest priority for infection control efforts should be directed to the surveillance of patients in intensive care units. This recommendation for intensive surveillance in intensive care units would also largely accomplish surveillance for multiple nosocomial infections, because 29 percent of all nosocomial infections in our series and 48 percent of the multiple nosocomial infections occurred in intensive care units.
Nosocomial urinary tract infections have been shown to increase the hospital stay by 2.4 days (34), and surgical wound infections have been shown to both double the postoperative stay and significantly increase hospital costs (35) . In a neonatal unit, nosocomial infection caused a 23 percent increase in the duration of hospitalization (36) . Hospital stay in our study was not measured by a case-control study but regularly increased as the number of infections per patients increased. Even a single nosocomial infection was associated with an increased length of hospital stay. Multiple nosocomial infections doubled the median duration of hospital stay, but this occurrence may be confounded in high-risk patients with longer periods of hospitalization secondary to their underlying illnesses.
Both male sex and nonwhite race were associated with multiple nosocomial infections in our study. The likelihood of nosocomial infections in nonwhites may be confounded by socioeconomic class which leads nonwhites to seek medical care later in the stage of disease. The association with sex is unclear. Future case-control studies are planned to evaluate these findings.
Elderly patients have been recently shown to have a higher risk for developing nosocomial infections (37, 38) . Both the infection ratio and the incidence density in our series significantly increased with increasing decades of life. Persons over age 60 years had 38 percent of all nosocomial infections in our series and 38 percent of the multiple nosocomial infections, although they comprised only 24 percent of all admissions to the cohort and experienced only 29 percent of the total days of hospitalization in the cohort.
Conclusions
To our knowledge, this is the first incidence study that has characterized patients with multiple nosocomial infections. There were significant differences in demographic features, length of hospital stay, type of hospital service, types of bacterial pathogens, and exposure to hospital care in intensive care units among singly-infected compared with multiply-infected patients.
Patients who develop multiple nosocomial infections are a high-risk group of patients with a disproportionate share of the costs and morbidity of nosocomial infections. The importance of multiple nosocomial infections should encourage targeted surveillance for the detection of patients with multiple nosocomial infections.
These patients need to be characterized at other hospitals, and additional risk factors for multiple nosocomial infections need to be defined.
